ABSTRACT The pulmonary response to agate dust in vivo was investigated and also its cytotoxic action on peritoneal macrophages and sheep erythrocytes in vitro. The results were compared with quartz dust as the known fibrogenic dust and emery dust (Corundum) was used as a control dust. Agate increased the wet and dry weight of lungs and induced increased collagen formation and a non-reversible fibrotic reaction in the lungs. The tissue response and lung changes were of milder intensity than seen in rats exposed to quartz. In vitro, the extent of dye-uptake and haemolysis yielded results similar to those of the in vivo studies. Release of lactic dehydrogenase into the culture medium was similar in both the agate and emery exposed cells but significantly less when compared with quartz treated cells.
The effects of mineral dusts on lungs have been studied experimentally by exposing animals to dusts by inhalation, by the instillation of dust into the lungs intratracheally, and by investigating dust-cell interactions in vitro, using erythrocytes, macrophages, and tissue culture cells lines.' -5 Using these test systems it is possible to screen many dusts for their possible effects on the lungs when inhaled and to understand the mechanism of the cytotoxic, fibrogenic, and possibly the carcinogenic actions of some particulate and fibrous environmental and industrial pollutants. [6] [7] [8] [9] Agate is a cryptocrystalline variety of silica that is used as an abrasive in industry. It replaces ballmills, particularly in the manufacture of substances where the product has to be absolutely free of iron contamination. It is also used in manufacturing mortars and pestles and fulcra and bearings of scientific and precision balances. The present studies were aimed at investigating the biological effects of agate dust in vivo and in vitro and to comparing the results with those obtained with the highly fibrogenic dust, quartz, and an inert dust, emery (Corundum).
Materials and methods

IN VIVO STUDIES
We divided 53 male Wistar strain albino rats (weighing 200-250 g) of the Industrial Toxicology Research Centre animal colony into four groups. The 16 animals in group I were inoculated intratracheally with 1 ml of sterilised physiological saline containing 50 mg of quartz dust (DQ). The 12 animals in group 2 and the 15 in group 3 were similarly inoculated with agate and emery (Corundum) dusts, respectively. The 10 animals in group 4 were inoculated with 1 ml of physiological saline alone. Most of the particles in all the dusts were less than 5 pm in diameter. The animals were killed at different intervals up to 180 days when their lungs were removed and the wet weight determined. The lungs were next gently distended with a solution of 10% formal saline (v/v) Haemolytic studies Haemolytic studies were carried out on plasma free sheep erythrocytes using the method described earlier. 6 Results Table I shows the changes in the wet weight of the lungs from the rats exposed to the various dusts. Those from the animals inoculated with the agate and quartz dusts showed an increase in wet weight by comparison with the lungs from the rats exposed to emery (p < 0 05 and p < 0-01 respectively). Even though the wet weight of the lungs from animals exposed to quartz was more than those of the lungs from the rats exposed to agate, the results were significant only at 180 days (p < 0-05). Table 2 shows the changes in the dry weight of lungs. The dry weight of the lungs of rats exposed to agate was more than those of the animals exposed to emery, though the values were statistically significant only at 60 days. The dry weight of the lungs from the animals exposed to quartz was also higher than those of the animals exposed to emery (p < 0-001 at 120 days and p < 0-05 at 180 days). No statistically significant difference was observed in the dry weight of the lungs from the rats exposed to agate or quartz despite the fact that the values were higher in the animals exposed to quartz at all times. (fig 1) . The alveoli and alveolar ducts surrounding the lesions were emphysematous. In those areas of the lungs with a meagre dust reaction there was an aggregation of free macrophage, most of which contained phagocytosed dust particles. In the animals exposed to quartz the development of silicotic lesions was extensive and there was a greater formation of collagen than in the animals exposed to agate. In animals inoculated with emery the dust was found predominantly within the cytoplasm of macrophages whose morphological details seemed to have been obscured by the phagocytosed dust which occupied the greater part of the cell cytoplasm. There was no evidence of fibrosis.
After four months, the lesions in the animals exposed to agate dust were more developed. The lesions were composed predominantly of macrophages, lymphocytes, and fibroblasts (fig 2) . There was a decrease in the number of areas showing free cells in the alveolar lumen and the stroma of the lesions contained a greater number of collagen fibres. On the other hand, the formation of collagen fibres in the quartz induced lesions was extensive. In the animals exposed to emery the pulmonary reaction was similar to that seen at the earlier period.
Six months after the inoculation of agate dust the formation of collagen was similar to that seen at the four month interval (fig 3) . The lesions in the animals exposed to agate after six months were less fibrous than those seen in animals exposed to quartz at four months. The development of silicotic lesions in the rats exposed to quartz was more extensive than at four months. The lesions were less cellular but highly collagenous and several fibrotic nodules had coalesced (fig 4) . In the animals exposed to emery the dust continued to be localised within the cytoplasm of the macrophages, which tended to aggregate at certain locations without bringing about a proliferation of stromal elements (fig 5) .
Biochemically, the collagen increase was maximum in the animals exposed to quartz and increased with time (table 3) . The lung collagen content was observed to be greater in the animals exposed to agate and quartz than in those exposed to emery. Statistically, the values were significant at all periods in the case of quartz (p < 0-02 at 60 and 120 days and p < 0-05 at 180 days) but only at 60 days in the case of the animals exposed to agate. Table 4 shows the changes in the level of LDH activity in the supernatant culture medium and cell monolayers of the peritoneal macrophages exposed to various dusts. The LDH activity was significantly higher in the supernatant medium of the cultures exposed to dusts. Among the dust exposed cultures, the maximum increase was observed in the cells exposed to quartz (p < 0 0001). The LDH activity of the supernatants of the cultures exposed to agate and emery were also increased by comparison with the control cell supernatants (p < 0-02 and 0-05 respectively). The decrease in the level of LDH in the monolayers parallelled the respective increase in LDH activity in the supernatants. The decrease in the LDH activity of the monolayers exposed to quartz was highly significant (p < 0 001). The total LDH activity (monolayer + supernatant) remained unaltered.
Acid dye uptake was maximum in the cultures exposed to quartz dust (p < 0-01), moderate in the cell cultures exposed to agate (p < 0 01), and statistically insignificant in the cultures exposed to emery (fig 6) . Figure 7 illustrates the haemolytic behaviour of the different dusts when added to erythrocyte suspensions. The haemolytic effect followed the trend quartz > agate > emery.
Discussion
The results of the present study show that agate dust is readily phagocytosed by pulmonary macrophages and that this is followed by the destruction of the alveolar architecture and the replacement of the cellular elements of the dust induced granulomas by lesions composed firstly of reticulin and later of collagen fibres. There was no evidence of regression or reversibility of the lesions. Such characteristic pulmonary changes have been suggested to be paihognomonic of proliferative dusts.'7 The changes brought about by agate dust were qualitatively similar to those brought about by quartz dust. Nevertheless, the lung weights (both dry and wet) and the collagen content were significantly less in the case of agate dust. 
